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(57) To obtain optimum combustion of fuel in an internal combustion engine and prevent the occurrence of 
reverse torque therein, an ignition timing control system having a pulse generating circuit for generating 
first and second timing pulses corresponding to respective predetermined crank angles of the engine 
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sawtooth and one rectangular wave [b to e. Fig. 12) may be generated, with comparison between the 
waves providing triggering of capacitor discharge to produce spark ignition. 
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SPECIFICATION 

Ignition timing control system for internal 
combustion engines 

5 

BACKGROUND OF THE INVENTION 
This invention relates to an ignition timing 
control system for internal combustion en- 
gines. 

10 An ignition timing control system of an in- 
ternal combustion engine in general is adapted 
to regulate the timing at which high-voltage 
pulses are supplied to the engine spark plugs 
in dependence upon a change in engine rpm in 
15 order to achieve optimum combustion of fuel 
in the engine cylinders, and to prevent the 
occurrence of a reverse torque when the en- 
gine runs in a region of very low rpm. 
An ignition timing control control system for 
20 an internal combustion engine includes a pul- 
ser for generating first and second timing 
pulses, which are positive and negative, re- 
spectively, at predetermined crank angle posi- 
tions close to top dead center of an engine 
25 cylinder when the engine rotates. For reasons 
that will be described in detail later, the maxi- 
mum delay angle position of ignition timing at 
low engine speed corresponds to the trailing 
edge of the second timing pulse which is infl- 
30 uenced by the rotational speed of the engine 
and becomes unstable particularly when the 
engine is rotating at very low speed, as when 
the engine is started. With the conventional 
ignition timing control system, therefore, the 
35 maximum delay angle position for ignition tim- 
ing corresponds to the instant at which the 
second timing pulse decays and, hence, is infl- 
uenced by the width of this pulse which, as 
mentioned above, is affected by engine speed, 
40 especially in the low-speed region. As a re- 
sult, ignition timing at the maximum delay 
angle can become unstable and it may be di- 
fficult to suppress the occurrence of reverse 
torque in the engine. This makes it necessary 
45 to increase the mechanical strength of the en- 
gine, which forms a cause of greater engine 
weight. 

In another aspect of an internal combustion 
engine ignition system, a capacitative-dis- 

50 charge ignition unit (commonly referred to as 
a C.D.I unit) is often employed in place of a 
mechanical breaker contact to prevent failures 
and deterioration in the overall ignition system. 
The C.D.I, unit includes a generator (ACG) 

55 having a charging generator coil (hereafter re- 
ferred to as an exciter coil) the output wher- 
eof charges a capacitor in an ignition circuit, 
and an ignition signal-forming coil (hereafter 
referred to as a pulser coil, which is wound 

60 on the above-mentioned pulser) for producing 
an ignition signal applied to an ignition signal 
generating circuit. The ignition signal generat- 
ing circuit produces an ignition signal at a pre- 
determined timing dependent upon the rota- 

65 tional speed of the engine, and the ignition 



signal turns on a thyristor (SCR) connected to 
the abovementioned capacitor to discharge the 
same. This causes a large current to flow into 
the primary coil of an ignition coil connected 
70 to the capacitor, thereby producing a high vol- 
tage in the secondary coil of the ignition coil. 
The high voltage causes a spark plug to pro- 
duce a spark. Ignition timing in an arrange- 
ment of this type ordinarily is controlled by a 
75 phase difference between the aforementioned 
first (positive) and second (negative) timing 
pulse signals produced by the pulser coil. 

A conventional ignition timing control sys- 
tem employing such a C.D.I, unit is designed 
80 to be free of the effects of power supply 
fluctuation, pulser gap variance and changes in 
temperature in order to achieve accurate igni- 
tion timing and prevent the occurrence of re- 
verse torque. However, this is achieved at the 
85 expense of circuit simplicity, compactness and 
ease of assembly, since a large number of 
circuit elements are required. There is thus 
room for improvement. 

90 SUMMARY OF THE INVENTION 

It is therefore a first object of the invention 
to provide an ignition timing control system 
for an internal combustion engine, having a 
two-stage advance angle characteristic and in 
95 which ignition timing at low engine rpm near 
the beginning of engine starting is controlled 
in a precise manner to effectively suppress the 
occurrence of reverse torque, thereby enabling 
the weight of the engine to be reduced. 
100 A second object of the invention is to pro- 
vide an ignition timing control system for an 
internal combustion engine, which is com- 
posed of simple circuitry and capable of being 
made small in size, and which is low in cost 
105 and designed to consume little electric power 
while effectively preventing reverse torque. 

According to the present invention, there is 
provided an ignition timing control system for 
an internal combustion engine for applying a 
110 trigger signal to an ignition circuit which, in 
response to the trigger signal, applies a high- 
voltage pulse to an ignition coil for driving a 
spark plug, the system comprising: pulse gen- 
erating means for generating first and second 
1 1 5 timing pulses corresponding to respective pre- 
determined crank angle positions of the en- 
gine; a first sawtooth wave generating circuit 
responsive to the second timing pulse for gen- 
erating a first sawtooth signal of a predeter- 
120 mined slope in synchronism with a leading 
edge of the second timing pulse; a second 
sawtooth wave generating circuit responsive 
to the first and second timing pulses for gen- 
erating a second sawtooth signal which rises 
125 generally vertically at a leading edge of the 
first timing pulse, decays generally vertically at 
the leading edge of the second timing pulse, 
and rises between the leading edges of the 
first and second timing pulses at a slope 
130 greater than the predetermined slope of the 
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. first sawtooth signal; a third sawtooth wave 
qenerating circuit connected to the first and 
second sawtooth wave generating circuits for 
. generating a third sawtooth signal which rises 
5 at the leading edge of the first timing pulse at 
a slope greater than the predetermined slope 
of the first sawtooth signal, and decays 
qenerally vertically at the leading edge of the 
second timing pulse; a rectangular wave gen- 
10 erating circuit which compares the first ana 
third sawtooth signals for producing a rectan- 
gular wave signal of a level higher than that of 
the second sawtooth signal from an instant at 
which signal levels of the first and third 
15 sawtooth signals coincide until the leading 
edge of the second timing pulse; a compara- 
tor circuit which compares the first sawtooth 
signal with one of the second sawtooth signal 
and rectangular wave signal for generating a 
20 drive signal when signal levels of the two 
compared signals coincide; and a trigger signal 
generating circuit which receives the drive sig- 
nal from the comparator circuit for generating 
the trigger signal in response to the drive sig- 

25 "Irhus, according to the first embodiment of 
the invention, the first sawtooth signal is gen- 
erated in synchronism with the leading edge 
of the second timing pulse, and the other sig- 
30 nals likewise are formed so as to decay at the 
leading edge of the second timing pulse. The 
result is a two-stage advance angle character- 
istic for coping with changes in engine speed. 
Also, maximum delay angle ignition timing can 
35 be set based on the leading edge of the sec- 
ond timing pulse, which edge is not influenced 
bv unstable rotation as when the engine is 
started. This makes possible precise control 
of ignition timing in order to effectively sup- 
40 press the generation of reverse torque, thus 
enabling a reduction in engine weight. 

Viewed from another aspect the invention 
provides an ignition timing control system for 
an internal combustion engine, comprising: a 
45 pulse generating circuit for generating first and 
second pulse signals corresponding to respec- 
tive predetermined crank angles of the engine; 
a rectangular wave generating circuit respon- 
sive to the first and second pulse signals from 
50 the pulse generating circuit for generating a 
rectangular wave signal which rises at a pre- 
determined slope from an instant of genera- 
tion of the first pulse signal, and which de- 
cays at a slope less than the predetermined 
55 slope from an instant of generation of the 
second pulse signal; a decision circuit respon- 
sive to the rectangular wave signal from the 
rectangular wave generating circuit for produc- 
ing an output of logic level "0" when a signal 
60 level of the rectangular wave signal is higher 
than a predetermined level, and an output of 
loqic level "1" when the signal level is lower 
than the predetermined level; a triangular wave 
generating circuit connected to the decision 
65 circuit for generating a triangular signal which 



rises at a constant and gentle slope from an 
instant the decision circuit produces the out- 
put of logic level "1", decays at a slope de- 
fining a predetermined angle from an instant 
70 the first pulse signal is generated, and which 
then decays generally vertically to a logic level 
of "0" at an instant the second pulse signal 
is generated; and an ignition signal generating 
circuit connected to the decision circuit and to 
75 the triangular wave generating circuit for gen- 
erating an ignition signal commanding an ignit- 
ing action when the decision circuit and tnan- 
gular wave generating circuit both produce 
outputs of logic level "0". 
80 Thus, according to the second embodiment 
of the invention, the ignition signal generating 
circuit is adapted to generate the ignition sig- 
nal in response to a combination of binary 
signals from the decision circuit and triangular 
85 wave generating circuit. It is therefore possible 
to construct these circuits using logic circuitry. 
This enables a general-purpose IC to be used 
to increase mounting density, thereby reducing 
the size and weight and lowering the cost, 
go Further, since such circuitry as the decision 
circuit may be constructed using a C-MOS 
generalpurpose logic IC, power consumption 
can be reduced and the power generated by 
the exciter coil can be used efficiently as the 
85 spark plug ignition power. /" 

Other features and advantages of the pre- 
sent invention will be apparent from the fol- 
lowing description of exemplary embodiments 
of the invention taken in conjunction with the 
100 accompanying drawings, in which like refer- 
ence characters designate the same or similar 
parts throughout the figures thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 
105 Fig 1 is a schematic view illustrating the 
relationship between crank angle position and 
a pulser coil in an internal combustion engine; 

Fig. 2 is a timing chart illustrating the opera- 
tion of an ignition timing control system ac- 
110 cording to the prior art; 

Fig 3 is a schematic view illustrating the 
relationship between crank angle position and 
a pulser coil in an internal combustion engine; 
Fig. 4 is a timing chart illustrating output 
115 signals produced by the pulser coil; 

Fig. 5 is a circuit diagram illustrating an in- 
ternal combustion engine ignition timing con- 
trol system according to the prior art; 
Fig. 6 is a block diagram illustrating an igni- 
120 tion signal generating circuit of the prior-art 
system of Fig. 5 in the form of functional 
blocks; 

Fig. 7 is a timing chart illustrating the opera- 
tion of the prior-art system of Fig. 5; 
125 Figs. 8, 9 and 10 are timing charts illustrat- 
ing angle advance of ignition timing as per- 
formed by the prior-art system of Fig. 5; 

Fig 1 1 is a circuit diagram illustrating a first 
embodiment of an internal combustion engine 
130 ignition timing control system according to the 
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present invention; 

Fig. 12 is a timing chart illustrating the op- 
eration of the first embodiment of Fig. 1 1; 
Fig. 13 is a timing chart illustrating angle 
5 advance of ignition timing as performed by the 
first embodiment of Fig. 11; 

Fig. 14 is a graph illustrating an advance 
angle characteristic of ignition timing with re- 
in Tr? *« f nglne rpm in the first embodiment 
10 of Fig. 11; 

Fig. 15 is a circuit diagram illustrating a sec- 
ond embodiment of an internal combustion en- 
gine ignition timing control system according 
to the present invention; 

15 Fig. 16 is a timing chart illustrating the op- 
eration of the second embodiment of Fig. 15; 

Fig. 17 is a timing chart illustrating angle 
advance of ignition timing as performed by the 
second embodiment of Fig. 15; 

20 Fig. 18 is a graph illustrating an advance 
angle characteristic of ignition timing with re- 
spect to engine rpm in the second embodi- 
ment of Fig. 15; and 
Fig. 19 is a timing chart useful in describing 

25 the prevention of reverse torque according to 
the second embodiment of Fig. 15. 



DETAILED DESCRIPTION 
Before turning to a detailed description of 
30 embodiments of the present invention, the 
problems encountered in the prior art will be 
discussed in greater detail with reference to 
Figs. 1 through 10. 
Figs. 1 and 2 are useful in describing an 
35 internal combustion engine ignition timing con- 
trol system disclosed in the specification of 
our Japanese provisional Patent Publication 
(Kokai) No. 60-26174, published February 9, 
1985. Fig. 1 illustrates pulse generating 
40 means, hereinafter referred to as a pulser for 
generating first (positive) and second (nega- 
tive) timing pulses pel, pc2, respectively, at 
predetermined crank angle positions close to 
top dead center of an engine cylinder (herein- 
45 after referred to as *TDC") when the engine 
rotates in the forward direction. The pulser 
includes a flywheel 12 mounted on an engine 
crankshaft 1 1, an inductor 13 made of a fer- 
romagnetic material such as iron and fixedly 
50 secured to the flywheel 12, a magnet 14 so 
arranged that the inductor 13 will come into 
direct opposition therewith as the flywheel 12 
rotates, and a pulser coil lb wound on the 
magnet 14. The first timing pulse Pel rises, 
55 as shown by the arrow 15a in (a) of Fig. 2, at 
an angular position where one end 13a of the 
inductor 13 begins to pass by the magnet 14 
with rotation of the crankshaft 1 1. The sec- 
ond timing pulse Pc2 rises, as shown by the 
60 arrow 15b in (a) of Fig. 2, at an angular posi- 
tion where the other end 13b of the inductor 
13 departs from the magnet 14. The first and 
second timing pulses Pel, Pc2 are thus gener- 
ated at predetermined crank angle positions as 
65 the engine rotates. An interval 16 between 



the instants at which the first and second tim- 
ing pulses Pel, Pc2 rise is constant so long 
as the engine rpm remains the same. Control 
circuitry in the aformentioned patent applica- 
70 tion includes a first sawtooth generating circuit 
for generating a first sawtooth signal ;p0(b) of 
Fig. 2] in synchronism with the trailing edge 
farrow 15c in (a) of Fig. 2] of the second 
timing pulse Pc2, a second sawtooth generat- 
75 ing circuit for generating a second sawtooth 
signal [(c) of Fig. 2] which rises generally ver- 
tically at the leading edge of the first pulse 
Pel, and then gradually at a slope greater 

on u" that of ^ first saw *ooth signal, and 
80 which then decays generally vertically at the 
trailing edge of the second pulse Pc2. a rec- 
tangular wave generating circuit for generating 
a rectangular wave signal [(d) of Fig. 2] of a 
level higher than that of the second sawtooth 
85 signal during the occurrence of the second 
timing pulse Pc2, a comparator circuit which 
compares the first sawtooth signal with the 
second sawtooth signal or with the rectangu- 
lar wave signal for producing an ON signal 
90 when the levels of the two compared signals 
agree, and a trigger signal generating circuit 
for generating a trigger signal, which triggers 
an ignition circuit, in response to the ON sia- 
nal. a 

95 In the foregoing ignition timing control sys- 
tem, the trailing edge of the second timinq 
pulse Pc2 at 15c in (a) of Fig. 2 serves as a 
reference point on the basis of which the 
inn ? ther S,gna,s are 9 ene rated. Specifically, the 
100 first sawtooth signal is generated in synchron- 
ism with this reference point, and the other 
signals are generated in such a manner that 
their trailing edges are timed to the above 
r f e . ren< ; e P? int < as depicted in (c), (d) and (e) 
105 of Fig. 2. Since the trailing edges of these 
signals are timed to the trailing edge of the 
second timing pulse Pc2, the maximum delay 
angle position of ignition timing at low engine 
speed corresponds to the moment at which 
1 10 the second timing pulse Pc2 decays, i.e., to 
the trailing edge of the pulse Pc2. When' the 
engine speed rises, the comparator circuit re- 
sponds by producing the ON signal at a posi- 
tion correspondingly advanced in order to ad- 
115 vance the ignition timing by a required 
amount. 

Though the instants 15a, 15b at which the 
respective first and second timing pulses Pel 
ion generated by the pulser rise are deter- 
120 mined by, e.g., the distance between the ends 
13a 13b of the inductor 13, the pulse widths 
of these pulses Pel, Pc2 are influenced by the 
rotational speed of the engine and tends to 
develop instability particularly at very low en- 
125 gine speeds that prevail when the engine is 
started. 

Accordingly, with the foregoing ignition tim- 
ing control system, the maximum delay angle 
P os,t,on for '9 ni ti°n timing corresponds to the 
130 instant at which the second timing pulse Pc2 
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decays and, hence, is influenced by the width 
of this pulse. Consequently, there are occa- 
sions where ignition timing at the maximum 
delay angle becomes unstable, and difficulty, is 
5 experienced in reliably suppressing the occur- 
rence of reverse torque in the engine. This 
makes it necessary to increase the mechanical 
strength of the engine and results in greater 
engine weight. 
10 The aformentioned is one of the problems 
the present invention seeks to solve in a first 
embodiment thereof. Another drawback en- 
countered in the prior art will now be de- 
scribed in detail with reference to Figs. 3 
15 through 10. 

A motorcycle engine generally is started by 
stepping down on a kick lever. If the stepping 
or kicking force applied by the rider is too 
weak, however, the compressive force inter- 
20 nally of the cylinder is not overcome and the 
piston does not surmount TDC. Instead, the 
piston is forced back by this compressive 
force, as a result of which the engine rotates 
in the reverse direction. 
25 This reverse rotation of the engine can re- 
sult in an explosion in the reverse direction. 
Specifically, at low crankshaft rpm, the piston 
is forced back before TDC (hereinafter referred 
to as "BTDC") by the compression internally 
30 of the combustion chamber and Ignition takes 
place when the crankshaft begins rotating in 
the reverse direction, thereby causing the ex- 
plosion at reverse rotation. Alternatively, the 
piston may be forced back BTDC by the pres- 
35 sure of an explosion which occurs after nor- 
mal ignition. In the case of the former, the 
first pulse signal pel is produced [(b) of Fig. 4] 
when the inductor 13 passes the position of 
(b) of Fig. 3, and after the inductor 13 then 
40 passes the position of (c) of Fig. 3 and before 
it reaches the position of (d) of the figure, 
reverse rotation takes place, and the second 
pulse signal Pc2 is produced [(b) of Fig. 4] 
when the inductor 13 again passes the posi- 
45 tion of (b), whereupon ignition occurs. In the 
case of the latter, the second pulse signal Pc2 
is produced [(c) of Fig. 4] to cause ignition 
when the inductor 13 passes the position of 
(d) of Fig. 2, and the piston is forced back by 
50 the pressure of an explosion before the induc- 
tor 13 reaches the position of (e) of Fig. 2. 
When the operation is normal, the first and 
second timing pulses Pel, Pc2 occur at a time 
interval ta, as illustrated in (a) of Fig. 4. The 
55 pulse signal waveforms of (b) and (c) of Fig. 4 
resulting from reverse rotation respectively in- 
volve time intervals tb, tc between the first 
and second timing pulses Pel, Pc2 that are 
long in comparison with the time interval ta. 
60 When the piston is at a position near TDC 
as illustrated in Fig. 3 and the mixture inside 
the cylinder explodes, a large reverse torque 
is generated. The reverse torque acts in a 
direction opposite to that of the torque ap- 
65 plied at the kick lever, and both torques act 



upon the gears and bearings arranged be- 
tween the kick lever and crankshaft and sub- 
ject the engine to excessive forces. 
In an effort to eliminate the foregoing 
70 drawback, the applicant has proposed an in- 
ternal combustion engine ignition timing con- 
trol circuit disclosed in the specification of 
Japanese patent Application No. 59-116662. 
As illustrated in Fig. 5, the circuit includes a 
75 generator 1 having an exciter coil la and the 
aforementioned pulser coil 1b. The un- 
grounded end of the exciter coil Ta is con- 
nected to an ignition circuit 2 for producing 
high-voltage energy. The ignition circuit 2 in- 
80 eludes a diode Do for rectifying the output of 
the exciter coil 1a, a capacitor Co charged by 
the rectified output of the diode Do, and a 
thyristor SCR connected to the junction of the 
diode Do and capacitor Co for controlling the 
85 discharge of the capacitor Co. The output side 
of the capacitor Co, which serves as the out- 
put terminal of the ignition circuit 2, is con- 
nected to a primary coil 3a which, in combina- 
tion with a secondary coil 3b, forms an igni- 
90 tion coil 3. The ungrounded side of the secon- 
dary coil 3b is connected to a spark, plug 4. 
An ignition signal generating circuit 5; which 
serves as an advance angle circuit, is arranged 
between the pulser coil 1b of the generator 1 
95 and the thyristor SCR of ignition circuit 2. The 
ignition signal generation circuit 5 is provided 
with an ingitron control circuit 6, which serves 
to prevent reverse torque. 
If considered in terms of function, the igni- 
100 tion signal generating circuit 5 comprises a 
number of circuit blocks, specifically a power 
supply circuit 101 and, as illustrated also in 
Fig. 6, a second sawtooth signal generating 
circuit 102 for converting the signal waveform 
105 from the pulser coil 1b into a second 

sawtooth signal signal Vb [(b) of Fig. 7] deliv- 
ered at an output terminal a, a first sawtooth 
signal generating circuit 103 for converting the 
signal waveform from pulser coil 1b into a 
1 10 first sawtooth signal signal Va [(b) of Fig. 7] 
delivered at an output terminal b, and a trigger 
signal generating circuit 104 having a compar- 
ator section 104' for comparing the voltage 
levels of the sawtooth signals Va, Vb, the 
1 15 circuit 104 generating a trigger signal at its 
output terminal c depending upon the output 
of the comparator section 104'. 

The specific construction and operation of 
the circuit blocks 101 through 104 will now 
120 be described. 

When the engine is started and the genera- 
tor 1 begins rotating, the exciter coil 1a and 
pulser coil 1b each develop a voltage. The 
exciter coil 1a produces an output current 
125 which charges the capacitor Co in ignition cir- 
cuit 2. Concurrently, capacitors CI, C2 in the 
power supply circuit 101 are charged to a . 
voltage Ve regulated by a zener diode Dz1. 
The pulser coil 1 b generates the first timing 
130 pulse Pel, shown in (a) of Fig. 7, in response 
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to which a transistor Q4 in the second 
sawtooth signal generating circuit 102 is 
driven into conduction, or turned on, thereby 
turning on a transistor Q1. As a result, a tran- 
5 s.stor 02 is turned on so that a capacitor C4 
is charged to the voltage at a potential divid- 
ing point 7 and a capacitor C3 is charged to a 
voltage approximately equivalent to Ve. Since 
the voltage Ve to which the capacitor C3 is 
10 charged is higher than that to which the capa- 
citor C4 is charged, the latter is charged to 
the voltage Ve at a predetermined time con- 
f L ? ded b V the capacitor C3 and a resis- 
15 IZ ??*. A t W ? be ^scribed later, the capaci- 
15 tor C3 is discharged when the second timinq 
pulse Pc2 is produced [(a) of Fig. 7] by the 
pulser coil 1b to turn on transistors Q5 Q6 
Owing to this charging and discharging of the 
capacitor C3 the terminal voltage of capacitor 
C3, namely the second sawtooth signal Vb 
takes on the form of the sawtooth voltage ' 
having the vertically rising leading edge, as 
shown in (b) of Fig. 7. When engine rpm Ne 
changes from N1 to N4 (where 
25 NKN2<N3<N4), as shown in (a) of Fig 7 
the slope of second sawtooth signal Vb re- 
mains constant and only the peak value 
thereof changes, this becoming progressively 
smaller as engine rpm rises. 

30 -i A i the ' nstant ca P ac 'tor C3 is completely 
discharged by conduction of the transistor Q5 
a capacitor C8 is charged at a time constant ' 
decided by resistors R17, R18. The maximum 
voltage developed by capacitor C8, namely 

35 the first sawtooth signal Va, is a sawtooth 
voltage which, at maximum, attains the vol- 
tage Ve, as shown in (c) of Fig. 7. The cir- 
cuitry is so designed that the first sawtooth 
signal Va nses at a slower rate that the sec- 
40 ond sawtooth signal Vb. When engine rpm Ne 
rises from N1 to N4 (where 
NKN2<N3<N4), as shown in Fig. 7 the 
slope of first sawtooth signal Va remains con- 

f^ 3nt u and ° nly the peak value thereof changes, 
45 this becoming progressively smaller as enqine 
rpm increases. 

The trigger signal generating circuit 104 op- 
erates when the second timing pulse Pc2 from 
the pulser coil 1b is produced, or when the 
5U level of the second sawtooth signal Vb ex- 
ceeds that of the first sawtooth signal Va 
Reference is now made to ignition for the 
case where the second timing pulse Pc2 is 
produced. At the instant the pulse Pc2 ar- 
55 rives the transistor Q5 is turned on and capa- 
citor C8 begins discharging, whereupon the 
transistor Q6 is driven into conduction to dis- 
charge the capacitor C4 and, hence, the capa- 
citor C3. Conduction of the transistor Q6 
60 causes a transistor Q7 to turn on, and this in 
turn drives a transistor Q3 into conduction 
thereby producing a trigger signal [(d) of Fig 
f) at a timing T1 to turn on the thyristor SCR 
As a result, the charge in capacitor Co is dis-* 
65 charged through the thyristor SCR to produce 



a large current flow (namely a discharge cur- 
rent) into the primary coil 3a of ignition coil 3 
This in turn generates a high voltage in the 
secondary coil 3b to ignite the spark plug 4. 
70 The ignition timing at this instant is the maxi- 
mum delay angle. As the engine rpm succes- 
sively rises to N2, N3 and then N4, the igni- 
tion timing in each instance is the moment at 
which the level of the first sawtooth signal Va 
75 surpasses the level of the second sawtooth 
signal Vb, as shown in (d) of Fig 7 When 
this occurs, the transistor Q6 is turned on and 
the trigger signal is produced, as described 

ftn At th ? en f ine rpm of N2 ' the '"gnition 

80 signal is produced at a timing T2. At engine 
rpms of N3 and N4, the trigger signal is pro- 
duced at timings T3, T4, respectively, as 
shown in (d) of Fig. 7(d). Thus, ignition timing 
is advanced from the maximum delay angle 
85 each time by an angle of a prescribed magni- 
tude. Note that the ignition timing in accor- 
dance with the engine rpm of N4 corresponds 
to the end of angle advance. 
The ignition control circuit*6, which acts to 
90 prevent the occurrence of reverse torque, will 
now be described with reference to Figs 8 
through 10. The ignition control circuit 6 is 
composed of three circuit blocks, namely a Vc 
signal generator 6a, a comparator 6b and an 
95 ignition controller 6c. The Vc signal generator 
6a includes a capacitor C10 charged by the 
power supply circuit 101 to a terminal voltage 
approximately equal to the power supply vol- 
inn lt 9eVe - Wh«n the capacitor C3 is charged at 
100 the rise of the first timing pulse Pel, a tran- 
sistor Q8 is turned on and the capacitor C10 
begins discharging through the transistor Q8 
at a time constant decided by a resistor 25 
m* !" ■?* transistors 0-5. Q6 are turned on at 
105 the trailing edge of the second timing pulse 
PcZ to discharge the capacitor C3 and cause 
its terminal voltage to drop, the transistor Q8 
is cut off. As a result, the capacitor C10 
1 * n S u° PS - discnar 9'ng and simultaneously begins 
1 10 charging again at a time constant decided by 
a resistor R26. This produces the signal Vc 
having the waveform shown in (b) of Fig 8 
The comparator 6b compares the level of this 

11* SE H Wi ?/ h a V °'u ta9e Vd at a P° tential dividing 
1 15 point d. When the condition VoVd holds 

(which lasts for a fixed period of time serving 
as a reference time tz), a transistor Q9 in the 
comparator 6b conducts. A transistor Q10 in 
the ignition controller 6c is therefore turned on 
120 as long as the transistor Q9 remains conduc- 
tive, as a result of which the collector voltaqe 
of transistor Q10 varies as shown in (c) of 
Fig 8. A transistor Q11 in the ignition con- 
„, f 0 " 6 ' 6c nas its tese connected to the collec- 
125 tor of transistor Q10 and is conductive as 
long as the transistor Q10 is cut off, during 
which time the gate terminal of the thyristor 
.4 ,!f 4 9r *°^ nded - Accor dingly, as shown in (a) 

. l l 9 - 9 ' When tne sec °nd timing 
130 pulse Pc2 is applied before the lapse of the 
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time period tz, which is measured from the 
instant at which the first timing pulse Pel 
rises, and an ignition pulse Pt is produced at 
• the leading edge of the second timing pulse 
5 Pc2 [(d) of Fig. 9], the thyristor SCR is turned 
on and the spark plug 4 produces a spark. 
However, as shown in (a) and (b) of Fig. 10, 
the thyristor SCR cannot turn on and the 
spark plug 4 will not spark if the ignition pulse 
10 Pt is produced at the trailing edge of the sec- 
ond timing pulse Pc2 applied after passage of 
the time tz counting from the leading edge of 
the first timing pulse Pel. Thus, a reverse 
torque is prevented from occurring. 
15 Thus, the ignition timing control circuit for 
internal combustion engines according to the 
previously proposed application is advantage- 
ous in that it eliminates the influence of power 
supply fluctuation, pulser gap variance and 
20 temperature change to achieve accurate igni- 
tion timing and prevent the occurrence of re- 
verse torque. 

The drawback encountered in the above cir- 
cuit is the large number of component parts 
25 required. For example, the second sawtooth 
signal generating circuit 102 in the ignition 
signal generating circuit 5 includes numerous 
discrete electrical parts such as three transis- 
tors, nine resistors, three capacitors, and one 
30 diode; the first sawtooth signal generating cir* 
cuit 103 includes discrete parts such as one 
transistor, three resistors, two capacitors and 
one diode; and the ignition timing determina- 
tion circuit 104 includes three transistors, 
35 seven resistors and one capacitor. Moreover, 
it is required to provide the ignition control 
circuit 6, which includes the Vc signal genera- 
tor 6a, the comparator 6b and the ignition 
controller 6c. The large number of circuit ele- 
40 ments necessitates considerable labor for as- 
sembly and places a limitation upon the size 
reduction that can be obtained. This is another 
problem addressed by the present invention in 
a second embodiment thereof. 
45 The first embodiment of the present inven- 
tion will now be described with reference to 
Figs. 11 through 14. 

The generator 1 , ignition circuit 2, ignition 
coil 3 and spark plug 4 are constructed, inter- 
50 connected and operate in the manner de- 
scribed above and need not be described 
again in detail. In the present embodiment, the 
ignition timing control circuitry arranged be- 
tween the pulser coil lb and ignition circuit 2 
55 includes the power supply circuit 101, the 
first sawtooth generating circuit 103 for gen- 
erating the first sawtooth signal Va [(b) of Fig. 
12] in synchronism with the leading edge of 
the second timing pulse Pc2, the second 
60 sawtooth generating circuit 102 for generating 
the second sawtooth signal Vb [(c) of Fig. 12] 
which rises rapidly or generally vertically at 
the leading edge of the first timing pulse Pel, 
gradually at a slope greater than that of the 
65 first sawtooth signal, and which then decays 



rapidly or generally vertically at the leading 
edge of the second timing pulse Pc2, a third 
sawtooth signal generating circuit 105 for 
generating a third sawtooth signal Vc' [(d) of 

70 Fig. 12] which rises gradually at the leading 
edge of the first timing pulse Pel at a slope 
greater than that of the first sawtooth signal 
and then decays rapidly or generally vertically 
at the leading edge of the second timing pulse 

75 Pc2, a rectangular wave generating circuit 106 
which compares the levels of the first and 
third sawtooth wave signals Va, Vc' for pro- 
ducing a rectangular wave signal Vd [(e) of 
Fig. 12] of a level higher than that of the 

80 second sawtooth signal Vb from the moment 
at which the sawtooth wave signals Va, Vc, 
coincide until the leading edge of the second 
timing pulse Pc2, a comparator circuit 107 for 
comparing the first sawtooth signal Va with a 

85 signal Vf [(f) of Fig. 12], which is the resultant 
of the second sawtooth signal Vb and the 
rectangular wave signal Vd, and for generating 
a drive signal when the levels of the signals 
Va, Vf agree, and the trigger signal generating 

90 circuit 104 for generating the trigger signal, 
which drives the ignition circuit 2, inr. response 
to the drive signal from the comparator circuit 
107- 

The power supply circuit 101 comprises a 

95 diode D1 for rectifying the AC voltage devel- 
oped by the exciter coil 1a, the capacitor C2 
charged by the rectified output through a re- 
sistor R1, a diode D2 and the zener diode 
Dzl. The diodes D2, Dz1 are for regulating 

100 the charging voltage to a voltage Ve of a 
predetermined level. 

The first sawtooth generating circuit 103 in- 
cludes the capacitor C8, which is connected 
to the power supply circuit 101 through the 

105 resistor R17, and the transistor Q5 whose 
base is connected to the ungrounded end of 
the capacitor C8 through a resistor R16. The 
transistor Q5 is turned on by the leading edge 
of the second (negative) timing pulse Pc2, 

1 10 upon which a discharge circuit is formed by 
resistors R14, R16 to discharge the voltage 
charged in the capacitor C8. The base of tran- 
sistor Q5 is connected to ground through a 
parallel circuit composed of a bias setting re- 

115 sistor R15 and a capacitor C7. A diode D6 
connected between ground and one end of 
resistor R16 is for waveshaping and other 
purposes. 

The second sawtooth generating circuit 102 
120 includes a power supply line 50 connected at 
one end to the power supply circuit 1 and at 
the other end to a capacitor C3 through a 
transistor Q1, a resistor R4 and a forwardly 
connected diode D5. The other end of the 
125 capacitor C3 is connected to ground. The 
base of transistor Q1 is connected to ground 
through a resistor R3 and a transistor Q4, and 
the base of transistor Q4 is connected to an 
output terminal a' of the pulser coil 1b 
130 through a parallel circuit composed of a resis- 



tor R 13 and a capacitor C5, and a resistor 
R12. A senes circuit comprising a transistor 
02 and a capacitor C4 is connected between 
the power supply line 50 and ground, with the 
5 collector of transistor Q2 connected to the 
collector of transistor Q1 through the resistor 
R4. Arranged in parallel with the transistor 02 
and the capacitor C4 is a voltage dividing cir- 

10 Sfi ST'EFt* T Seria,,y con "ected resis- 
10 tors R5. R6 The voltage dividing circuit has a 
voltage dividing point 7 connected to the base 
of transistor Q2. The junction c' between the 
transistor Q2 and the capacitor C4 is con- 
nected to the ungrounded side of the capaci- 
15 tor C3 through a resistor R8. 

irlJ 16 third sawt00th wave generating circuit 
106 includes a capacitor C17, one end of 
which is grounded, and the other end is con- 
nected via a resistor R34 to the ungrounded 
20 side of the capacitor C3 in the second 

sawtooth generating circuit 102. Connected in 
parallel with the resistor R34 is a diode D15 
arranged forwardly from the side of capacitor 
C17 to the side of capacitor C3. 
25 The rectangular wave generating circuit 106 
includes a comparator 70 and a transistor 
Q12. The comparator 70 has a non-inverting 
input terminal 70a which receives the signal 
voltage of the first sawtooth signal Va set to 
30 an appropnate level by two resistors R35, 
R36, and an inverting input terminal 70b to 
which is connected an output terminal d° of 
the third sawtooth generating circuit 105 The 
comparator 70 also has an output terminal 
35 connected to the base of a transistor Q12 
through a resistor R37. The emitter of transis 
tor Q12 is connected to the ungrounded side 
of the capacitor C3 in the second sawtooth 
. generating circuit 102, and the collector 
40 thereof is connected to an output terminal e 
through a resistor R39. 

The comparator circuit 107 includes a tran- 
sistor Q6' whose base is connected to the 
output terminal b of first sawtooth generating 
45 circuit 103 through a resistor 19', and whose 
emitter is connected to a common junction f 
between the output terminal c' of the second 
sawtooth generating circuit 102 and the out- 
put terminal e of the rectangular wave gener- 
50 ating circuit 106, this junction serving as an 
output terminal for the resultant waveform 
shown in (f) of Fig. 12. The collector of tran- 
sistor Q6' serves as an output terminal g for 
the drive signal produced as the result of the 
55 comparison operation. 

The trigger signal generating circuit 104 in- 
cludes the two transistors Q3, Q7. The power 
supply line 50 of the second sawtooth gener- 
ating circuit 102 is connected to the emitter 
60 of transistor Q3 through the forwardly con- 
nected diode D5. The collector of transistor 
Q3 is connected to the gate of the thyristor 
SCR in the ignition circuit 2 through a poten- 
« K D^ d,v - , *' ng drcuit c °mposed of resistors R10, 
bb Rl 1. The base of transistor Q3 is connected 



to ground via a resistor R22 and the transistor 
Q.7. The base of the latter is connected to the 
output terminal g of comparator circuit 107 
through a resistor R20. A resistor R21 con- 
70 nected between ground and the junction of 
resistor R20 and the base of transistor Q7 is 
for setting the biasing voltage of the transistor 

The operation of the first embodiment will 
75 now be described with reference to Fios 1 1 
through 14. a 

When the engine is started and the genera- 
tor 1 begins rotating, the exciter coil 1a and 
pulser coil 1b each develop a voltage The 
80 exciter coil 1a produces an AC output which 
is rectified by the diode Do of the ignition 
circuit 2 to charge the capacitor Co. Concur- 
rently, the capacitor C2 of the power supply 
circuit 101 is charged under the regulation of 
85 zener diode Dz1 to the potential Ve. 

The capacitor C8 in the first sawtooth gen- 
erating circuit 103 is charged by the voltage 
Ve of power supply circuit 101 in accordance 

90 S a nH ti r me f "o 9 ? ?, ecided by tne capacitor 
90 C8 and resistor R17. Next, when the pulser 

coil 1b produces the second (negative) timing 
pulse Pc2, the transistor Q5 is turned on in 
synchronism with the leading edge of the sec- 
ond timing pulse Pc2 so that the voltage 
95 charged in capacitor C8 is discharged through 
a path comprising discharge resistor R16 
transistor Q5 and resistor R14, whereby the 
first sawtooth waveform Va shown in (b) of 
1nn F f - 12 J S generated at the output terminal b 
100 of the first sawtooth generating circuit 103 
The slope of the first sawtooth signal Va 
which is regulated at the time constant deter- 
mined by resistor R17 and capacitor C8 is 
,„ constant. The first sawtooth signal Va has a 
105 pulse duration t1 regulated by generation of 
the second timing pulse Pc2. Thus, the signal 
waveform of the first sawtooth signal is syn- 
chronized to the leading edge 15b of the sec- 
°nd timing pulse Pc2. Therefore, as the en- 
1 10 gine speed rises from Nl to N4 

(NKN2<N3<N4), the period at which the 
second timing pulse Pc2 is generated grows 
correspondingly shorter, in response to which 
the pulse duration t1 of the first sawtooth 
1 15 signal Va shortens, as from t1 to tT and t1' 
to t2', as illustrated in Fig. 13, so that the 
peak value of the first sawtooth signal Va gra- 
dually diminishes. y 

ion / When the pulser coil 1b Produces the first 
120 positive) timing pulse Pel. the transistors Q4, 
ai m the second sawtooth generating circuit 
102 are turned on, as a result of which the 
capacitor C3 is charged to approximately the 
power supply voltage Ve. Conduction of tran- 
125 sistor Q1 causes the transistor Q2 to turn on 
so that the capacitor C4 is charged to the ' 
potential at the potential dividing point 7 
Since the capacitor C3 is charged to a higher 
ion ^"^'than the capacitor C4, the latter is 
130 charged by the charging voltage of capacitor 
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C3 at a predetermined time constant decided 
by the resistor R8. As mentioned earlier, the 
voltage charged in capacitor C4 is discharged 
when the second pulse signal Pc2 is produced 
5 by the pulser coil 1b, thereby turning on tran- 
sistors Q1, Q6\ Accordingly, the second 
sawtooth signal Vb having the rapidly or 
generally vertically rising leading edge shown 
in <c) of Fig. 12 is generated at the output 
10 terminal c' of the second sawtooth generating 
circuit 102. The slope of the second sawtooth 
signal Vb is set by a time constant decided 
by the resistor R8, etc. so as to be greater 
than the slope of the first sawtooth signal Va. 
15 The second sawtooth signal Vb has a pulse 
width t2 regulated by the interval (from 15a 
to 15b) between the leading edges of the first 
and second timing pulses Pel, pc2. As shown 
in Fig. 13, t2 grows successively smaller as 
20 engine rpm rises. Accordingly, the peak value 
of the second sawtooth signal Vb gradually 
diminishes with an increase in engine rpm. 

At the instant the transistor Q1 is turned 
on, the capacitor C17 in the third sawtooth 
25 generating circuit 105 begins charging at a 
time constant regulated by the resistor R34 in 
combination with the capacitor C17. In a man- 
ner similar to that described above, the charg- 
ing of capacitor C17 continues, due to the 
30 voltage accumulated in the capacitor C3, even 
after the transistor Q1 is cut off by extinguish- 
ment of the first timing pulse Pel. The capaci- 
tor C1 7 is discharged when the transistors 
Q5, Q6' are turned on by the second timing 
35 pulse pc2. Accordingly, the third sawtooth 
signal Vc' shown in (d) of Fig. 12 is generated 
at the output terminal d\ 

The comparator 70 in the rectangular wave 
generating circuit 106 compares the signal 
40 level of the first sawtooth signal Va from the 
output terminal b and the signal level of the 
third sawtooth signal Vc' from the output ter- 
minal d', and produces an output of logical 
"0" when the signal level of Vc' surpasses 
45 that of Va. The "0" level output causes the 
transistor Q6' to conduct, thereby producing, 
at the output terminal e, a rectangular wave 
signal Vd the pulse width whereof corre- 
sponds to the period of time for which the 
50 transistor Q6' is conductive. Accordingly, a 
signal Vf shown in (f) of Fig. 12, which is the 
resultant of the second sawtooth signal Vb 
and rectangular wave signal Vd, is generated 
at the junction f at the common connection 
55 between output terminals c' and e. 

The trigger signal generating circuit 104 
sends a trigger signal to the ignition circuit 2 
when the second timing pulse Pc2 from the 
pulser coil 1b is produced, or when the com- 
60 parator 107 issues the drive signal in re- 
sponse to the signal level of the resultant sig- 
nal Vf exceeding that of the first sawtooth 
signal Va. First, generation of the trigger sig- 
nal where the second timing pulse Pc2 is pro- 
65 duced will now be explained. 



The transistor Q5 is turned on by the lead- 
ing edge of the second timing pulse Pc2 and 
capacitor C8 begins discharging, whereupon 
the transistor Q6' is driven into conduction to 
70 discharge the capacitor C4 and, hence, the 
capacitor C3. Conduction of the transistor Q6' 
causes the transistors Q7, Q3 to turn on, 
thereby producing the trigger signal to turn on 
the thyristor SCR. As a result, the charge in 
75 capacitor Co is discharged through the thyris- 
tor SCR to produce a large discharge current 
flow into the primary coil 3a of ignition coil 3. 
This in turn causes generation of a high vol- 
tage in the secondary coil 3b to cause ignition 
80 of the spark plug 4. The ignition timing at this 
instant is the maximum delay angle, indicated 
at 8a in Fig. 14. The ignition timing of the 
maximum delay angle is thus regulated by the 
leading edge of the second timing pulse Pc2. 
85 As the engine rpm successively rises from 
N2 at idling to N3 for advancing the injection 
timing and then to N4 at high engine speed, 
the ignition timing in each instance is the mo- 
ment at which the signal level of the resultant 
90 signal Vf surpasses the level of the first 

sawtooth signal Va, these signal levels being 
compared by the comparator circuit 107. 
When this occurs, the comparator circuit 107 
sends the drive signal to the transistor Q7, 
95 which is turned on. This is immediately fol- 
lowed by conduction of the transistor Q3, 
whereby the spark plug is caused to spark as 
set forth above. As shown in 8b in Fig. 14, 
the ignition timing at this instant is held at a 
100 value corresponding to a constant low crank 
angle position in the region of engine speed 
N2 (idling) due to the relationship between the 
signal waveform of the resultant signal Vf and 
the signal waveform of the first sawtooth sig- 
105 nal Va. When the engine speed N3 is attained 
(i.e., at or above which the injection timing is 
to be advanced)., the gradually rising portion 
of the resultant signal Vf crosses the first 
sawtooth signal Va, so that the ignition timing 
110 is gradually advanced as engine rpm rises, as 
illustrated at 8c in Fig. 14. When the region 
of high engine speed N4 is attained, the igni- 
tion timing is held at a value corresponding to 
a constant high crank angle position, as 
115 shown at 8d in Fig. 14. This provides a two- 
stage advance angle characteristic for the igni- 
tion timing. 

According to the first embodiment of the 
present invention, the two-stage advance 
120 angle characteristic makes impossible to 
achieve optimum combustion in the engine 
cylinders in conformance with changes in en- 
gine speed. Moreover, maximum delay angle 
ignition timing can be set based on a refer- 
1 25 ence which is the leading edge of the second 
timing pulse Pc2, this edge of the pulse being 
unaffected by unstable rotation of the engine 
as when the engine is started. Maximum delay 
angle ignition timing therefore can be con- 
130 trolled in a precise manner to effectively sup- 
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press the generation of reverse torque Ac- 
cordingly, the engine strength need not be 
raised to an unnecessary degree, thus en- 
abhng a reduction in the engine weight 

io ! !f nCe I s now made to R 98- « through 
19 to describe the second embodiment of the 
ignition timing control system according to the 
present invention, in which the Ignition timing 
generating circuit (advance angle circuit) 5 and 
10 ignrtion control circuit (reverse torque preven- 
tion circuit) 6 appearing in Fig. 5 are included 

Z£ 9 T e t f( T t0 sim P ,lf y the circuitry and 
reduce the hardware. 

As shown in Fig. 15, the ignition timing 
15 control system according to the second em- 
bodiment includes a power supply circuit 101 
a pulse generating circuit 108 for generating ' 
first and second pulse signals each of which 
corresponds to a predetermined crank angle of 
20 the engine crankshaft, a rectangular wave gen- 
erating circuit 109 for generating a rectangular 
wave which rises at a predetermined slope 
from an instant of generation of the first pulse 
signal, and which decays at a gentler slope 
25 from an instant of generation of the second 
pulse signal, a decision circuit 110 for produc- 
ing an output of logic level "0" when the 
voltage level of the rectangular wave signal is 
higher than a predetermined level, a triangular 
30 wave generating circuit 1 1 1 for generating a 
triangular signal which rises at a constant 
gentle slope from an instant the decision 'cir- 
cuit 1 10 produces an output of logic level 
1 decays at a predetermined angle from an 
35 instant the first pulse signal is generated, and 
which then reverts to the "0" level at the 
instant the second pulse signal is generated 
and an ignition signal generating circuit 112* 
An °n.P? ne ? tin9 an ignition signal upon receiving 
40 0 level signals from the decision circuit 1 10 
and triangular wave generating circuit 1 1 1 

The pulse generating circuit 108 includes di- 
odes D8, D9 connected in mutually opposinq 
d.rections to the pulser coil 1b through the 
45 resistor R12. A parallel circuit composed of 
the resistor R14 and a bidirectional zener di- 
ode Dz2 is connected between ground and 
the line interconnecting the diodes D8 D9 

Rn di ° de ! ? 8, 09 produce the first (Positive) 
50 and second (negative) pulse signals, which are 
applied to the rectangular wave generating cir- 
cuit 109. The diode Dz2 is for P rotecting 9 th e 
circuit from excessive pulse voltages produced 
by the pulser coil lb. 
55 The rectangular wave generating circuit 109 
includes a first inverter 9a having an input ter- 
minal connected to the conjunction between a 
resistor R32 and a transistor Q4 constituting a 
senes circuit arranged between a power sup- 
60 ply line 8 and ground. The base of transistor 
Q4 is connected to a diode D8 of the pulse 
generating circuit 108 through a parallel circuit 
composed of a resistor 13 and a capacitor 
C5, which is for preventing noise. Forwardly 
65 connected to the output terminal of the inver- 



ter 9a is a diode D10. A capacitor C1 1 and a 
resistor R33 are connected in parallel between 
ground and the output line of diode D10 
which line is connected to ground through a 
70 resistor R40, a forwardly connected diode 
D1 1, and a reversely connected diode D12 
The junction between the diodes D1 1 D12 is 
connected to the diode D9 in the pulse gener- 
ating circuit 108 through the transistor Q5 
75 The decision circuit 110 includes a second 
inverter 9b having an input terminal to which 
the output line of diode D10 in the rectangular 
wave generating circuit 109 is connected. The 
inverter 9b has an internal transistor switching 
BO element whose inversion threshold level Eth 
(approximately 0.7 V) is predetermined for op- 
eration of the inverter 9b. 

The triangular wave generating circuit 1 1 1 
includes a series circuit composed of a re- 
85 versely connected diode D13, a resistor R41 
and a capacitor C1 8 arranged between ground 
and the output line of the second inverter 9b 
A resistor R42 is connected in parallel with 

on raV^L * connected di °de D13 and resistor 
90 R41. The ungrounded side of capacitor C18 is 
connected to the junction between diodes 
• '• J™ the recta n9"lar wave generating 
ode U Dl4 9h 3 f0rWard ' y conne «ed d?. 

95 The ignition signal generating circuit 1 12 in- 
cludes a NAND circuit 10. The NAND circuit 
10 has two input terminals, one of which is 
connected to the output terminal of the sec- 
inn ° nd T erter 9b ' tne other of which is con- 
100 nected to the ungrounded side of the capaci- 
tor ■ l 18 in the triangular wave generating cir- 
cuit 1 1 1. The output terminal of NAND circuit 
10 is connected to the gate terminal of the 
thynstor SCR through a low-pass filter com- 
105 posed of a resistor R43 and a capacitor C12 
The operation of the second embodiment ' 
shown in Fig. 15 will now be described with 
reference to Figs. 16 through 19. 

1 m ♦ W , h !. n the engine is started a "d the genera- 
110 tor 1 begins rotating, the exciter coil la and 
pulser coil 1b each develop a voltage. The 
exciter coil la produces an output current 
which charges the capacitor Co in the ignition 
circuit 2. Concurrently, the capacitor C2 in the 
1 15 power supply circuit 101 is charged to a vol- 
tage regulated by the zener diode Dz1. When 
the pulser coil lb applies the first timing pulse 
Kci to the pulse generating circuit 108 f( a ) of 

i™ 52V? - e diode 08 applies the si 9 nal 

120 the first pulse signal to the transistor Q4 in 
response to which the transistor Q4 is driven 
into conduction to change the input level of 
the first inverter 9a to ground potential, 
whereby the output terminal of inverter 9a 
125 goes to logical "1". Owing to this "1" level 
output, the capacitor C11 charges. The 

ttSr 11396 thereafter discharges gradually 
through the resistor R33 [(b) of Fig. 161. Next 
when the pulser coil 1b applies the second 
130 timing pulse pc2 to the pulse generating cir- 
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• cuit 108 [(a) of Fig. 16], the diode D9 applies 
the signal as the second pulse signal to the 
transistor Q5 in the rectangular wave generat- 

• ing circuit 109, thereby turning the transistor 
5 Q5 on. In response thereto, the voltage 

charged in the capacitor C1 1 is discharged at 
a slope gentler than that which prevailed dur- 
ing the voltage rise [(b) of Fig. 16], this being 
regulated by a discharge time constant de- 
10 cided by such circuit elements as resistors 
R40 and R14. Accordingly, the rectangular 
wave generating circuit 109 generates the rec- 
tangular signal Vg indicated at (b) in Fig. 16. 
As mentioned above, the operating Jevel of 
15 the second interver 9b is set at a predeter- 
mined threshold value Eth. The decision circuit 
1 10 produces the output signal Vh of logic 
level "0" during the time that the level of the 
rectangular wave signal Vg exceeds the pre- 
20 determined threshold level Eth of the inverter 
9b, and produces the output signal of logic 
level "1" during the time that the level of the 
rectangular wave signal Vg is below the pre- 
determined threshold level, as a bilevel signal 
25 Vh shown in (c) of Fig. 16. When the rectan- 
gular wave signal Vg decays at a gentle slope 
in response to generation of the second tim- 
ing pulse Pc2 and falls below the predeter- 
mined level Eth, the second inverter 9b.pro- 
30 duces the "1" level output as the bilevel sig- 
nal Vh. The leading edge of this "1" level 
pulse therefore occurs at a timing slightly later 
than that at which the second timing pulse 
Pc2 is generated, as shown in Fig. 16. At the 
35 instant the output of the second inverter 9b 
rises from "0" to "1", the capacitor C18 in 
the triangular wave generator 1 1 1 begins 
charging at an gentle slope in accordance with 
a charging time constant decided by resistor 
40 R42 and the capacitance of capacitor CI 8 [(d) 
of Fig. 16]. Then, at the instant the output of 
second inverter 9b reverts to the "0" level 
(i.e., when the first timing pulse Pel is gener- 
ated), the voltage charged in capacitor C18 
45 decays, i.e., discharges, at a fixed slope in 
accordance with a discharge time constant de- 
cided by such circuitry as the parallel circuit 
composed of resistors R41 and R42 [(d) of 
Fig. 16]. When the second timing pulse pc2 is 
50 generated during the decay of this voltage sig- 
nal, transistor Q5 is turned on. At the mo- 
ment this occurs, capacitor C18 discharges ra- 
pidly to the "0" level. Thus, a triangular wave 
signal Vi shown in (d) of Fig. 16 is applied to 
55 the ignition signal generating circuit 112 from 
the ungrounded side or point a of the capaci- 
tor C1 8 in the triangular wave generating cir- 
cuit 111. As mentioned above, the timing at 
which the output Vh of second inverter 9b 
60 rises to the "1" level occurs slightly later than 
that at which the second timing pulse Pc2 is 
generated, and the potential or signal Vi at the 
ungrounded side of capacitor C18 reverts to 
the "0" level at the moment the second tim- 
65 ing pulse Pc2 is generated. Therefore, the two 



input signals of level "0" to the NAND circuit 
10 cause the circuit to produce "1" level out- 
put as an ignition signal Vj in synchronism 
with the generation of the second timing pulse 

70 Pc2, as the result of which the ignition signal 
generating circuit 112 delivers the ignition sig- 
nal as shown in (e) of Fig. 16. This signal 
turns on the thyristor SCR so that the spark 
plug 4 is caused to spark by the ignition coil 

75 3. Since the illustrated example is applied 
when the engine is in a low speed region, the 
ignition timing at this instant corresponds to 
the maximum delay angle. 
Now will be explained angle advance of igni- 

80 tion timing with an increase in the engine 
speed, as well as the prevention of reverse 
torque. 

As the engine speed rises, the time interval 
between generation of the first and second 

85 timing pulses Pel, Pc2 shortens, and so does 
the charging time interval of the capacitor C18 
in the triangular wave generating circuit 111. 
As a result, the pulse width of the triangular 
wave signal Vi gradually diminishes, as indi- 

90 cated at (a) through (e) in Fig. 17. Since the 
charging time is long at low engine speed, the 
signal level of the triangular wave signal Vi is 
sufficiently higher than the operating or thresh- 
old level Eth' of the NAND circuit 10. There- 

95 fore, the instant at which the triangular wave 
signal Vi decays sharply responsive to the 
generation of the second timing pulse Pc2 
corresponds to the timing at which the thyris- 
tor SCR is turned on [(a) and (b) in Fig. 17)]. 

100 As the peak level of the triangular wave signal 
Vi falls owing to the shorter charging time 
interval of capacitor C18 caused by a rise in 
engine rpm, the intersection between the tri- 
angular wave signal and the operating level 

105 Eth' of NAND gate 10 is gradually shifted 
leftward as shown in (a) through (e) of Fig. 
17, so that the ignition timing has its angle 
advanced in accordance with this leftward 
shift of the intersection point from (a) to (e) in 

110 Fig. 17 on the condition that the rectangular 
wave signal in the rectangular wave generating 
circuit 109 exceeds the threshold level Eth of 
the second inverter 9b. When engine rpm 
rises still higher so that the peak level of the 

115 triangular wave signal Vi drops below the op- 
erating level Eth' of the NAND circuit 10, as 
shown in (e) of Fig. 17, one input terminal to 
the NAND circuit 10 goes to the "0" level 
and stays there. Accordingly, the point at 

120 which the output Vh [(c) of Fig. 16] of the 

second inverter 9b decays corresponds to the 
timing at which the thyristor SCR is turned on. 
The ignition timing at this instant is the maxi- 
mum advance angle. 

125 Fig. 18 is a characteristic curve illustrating 
angle advance of ignition timing as performed 
above. This shows that, as engine rpm rises, 
the ignition timing is gradually advanced from 
the beginning j [corresponding to (b) in Fig. 

130 17] of the advance operation and becomes 
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constant at the maximum advance angle fol- 
lowing the end k [corresponding to (d) in Fig. 
1 7] of the advance operation. 
As for prevention of reverse torque, the rec- 
5 tangular wave signal Vg shown in (b) of Fig. 
16 always decays gently owing to the dis- 
charge through the resistor R33 when the en- 
gine speed is very low. The rectangular wave 
signal Vg therefore drops below the threshold 
10 level Eth of the second inverter 9b before the 
second timing pulse PC2 is generated, as 
shown in (a) and (b) of Fig. 19. Accordingly, 
at the instant the second timing pulse Pc2 is 
generated, the output Vh of second inverter 
15 9b will always be at the "1" level, so that 
the thyristor SCR cannot be turned on. This 
prevents ignition, which forms a cause of re- 
verse torque when the rider steps down on 
the kick lever. 
20 According to the second embodiment of the 
present invention, the decision circuit 110 and 
ignition signal generating circuit 112 operate 
on the basis of the binary signals "0" and 
"1", enabling the application of logic circuitry. 
25 Accordingly, a general-purpose IC can be used 
to heighten the mounting density, thereby re- 
ducing the size and weight and lowering the 
manufacturing cost. Furthermore, the ignition 
control circuit for preventing reverse torque 
30 need not be provided separately of the igni- 
tion signal generating circuit 112 for angle ad- 
vance. Instead, the two circuits are integrated 
into a single circuit for implementing both 
angle advance and the prevention of reverse 
35 torque. This makes it possible to achieve an 
even greater reduction in size, weight and 
cost. In addition, since such circuitry as the 
decision circuit 1 10 is capable of employing a 
C-MOS general-purpose logic IC, the power 
40 consumption can be reduced and the power 
generated by the exciter coil 3 can be used 
efficiently as the spark plug ignition power. 

As many apparently widely different em- 
bodiments of the present invention can be 
45 made without departing from the scope 

thereof, it is to be understood that the inven- 
tion is not limited to the specific embodiments 
thereof except as defined in the appended 
claims. 

50 

CLAIMS 

1. An ignition timing control system for an 
internal combustion engine having an ignition 
circuit, an ignition coil, and a spark plug, for 
55 applying a trigger signal to the ignition circuit 
which, in response to the trigger signal, ap- 
plies a high-voltage pulse to the ignition coil 
for driving the spark plug, said system com- 
prising: 

60 pulse generating means for generating first 
and second timing pulses corresponding to re- 
spective predetermined crank angles of the 
engine; 

a first sawtooth wave generating circuit 
65 which receives the first and second timing 



pulses from said pulse generating means for 
generating a first sawtooth signal of a predet- 
ermined slope in synchronism with a leading 
edge of the second timing pulse; 
70 a second sawtooth wave generating circuit 
which receives the first and second timing 
pulses from said pulse generating means for 
generating a second sawtooth signal which 
rises generally vertically at a leading edge of 
75 the first timing pulse, decays generally verti- 
cally at the leading edge of the second timing 
pulse, and rises between the leading edges of 
the first and second timing pulses at a slope 
greater than the predetermined slope of the 
80 first sawtooth signal; 

a third sawtooth wave generating circuit 
connected to said first and second sawtooth 
wave generating circuits for generating a third 
sawtooth signal which rises at the leading 
85 edge of the first timing pulse at a slope 
greater than the predetermined slope of the 
first sawtooth signal, and decays generally 
vertically at the leading edge of the second 
timing pulse; 
90 a rectangular wave signal generating circuit 
which compares the first and third sawtooth 
signals for producing a rectangular wave signal 
of a level higher than that of the second 
sawtooth signal from an instant at which sig- 
95 nal levels of the first and third sawtooth sig- 
nals coincide until the leading edge of the sec- 
ond timing pulse; 
a comparator circuit which compares the 
. m frrst sawtooth signal with one of the second 
100 sawtooth signal and rectangular wave signal 
for generating a drive signal when signal levels 
of the two compared signals coincide; and 

a trigger signal generating circuit which re- 
ceives the drive signal from said comparator 
105 circuit for generating the trigger signal in re- 
sponse to the drive signal. 

2. An ignition timing control system for an 
internal combustion engine, comprising: 
1 ia t pUlse 9 eneratin 9 cir cuit for generating first 
110 and second pulse signals corresponding to re- 
spective predetermined crank angles of the in- 
ternal combustion engine; 

a rectangular wave generating circuit which 
receives the first and second pulse signals 
1 15 from said pulse generating circuit for generat- 
ing a rectangular wave signal which rises at a 
predetermined slope from an instant of gener- 
ation of the first pulse signal, and which de- 
cays at slope less than said predetermined 
120 slope from an instant of generation of the 
second pulse signal; 

a decision circuit which receives the rectan- 
gular wave signal from said rectangular wave 
generating circuit for producing an output of 
125 logic level "0" when a signal level of the rec- 
tangular wave signal is higher than a predeter- 
mined level, and an output of logic level "1" 
when said signal level is lower than said pre- 
determined level; 
130 a triangular wave generating circuit con- 
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nected to said decision circuit for generating a 
triangular signal which rises at a constant and 
gentle slope from an instant said decision cir- 
cuit produces the output of logic level "1", 

5 decays at a slope defining a predetermined 
angle from an instant the first pulse signal is 
generated, and which then decays generally 
vertically to a logic level of "0" at an instant 
the second pulse signal is generated; and 

10 an ignition signal generating circuit con- 
nected to said decision circuit and to said tri- 
angular wave generating circuit for generating 
an ignition signal when said decision circuit 
and triangular wave generating circuit both 

15 produce outputs of logic level "0". 

3. An ignition timing control system for an 
internal combustion engine, substantially as 
hereinbefore described with reference to Figs. 
11 to 14 of the accompanying drawings. 

20 4. An ignition timing control system for an 
internal combustion engine, substantially as 
hereinbefore described with reference to Figs. 
15 to 19 of the accompanying drawings. 
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